Endogenous retroviral sequences are present in high copy numbers in the genomes of all species and may be expressed as RNAs; however, the majority are defective for virus production. Although virus has been isolated from various Old World monkey and New World monkey species, there has been no report of endogenous retroviruses produced from African green monkey ( 
Endogenous retroviral sequences are stably integrated, genetically inherited, and present in multiple copies in the genomes of all species. The majority of these sequences are defective; however, some may produce infectious retroviruses (9, 11, 16, 71, 78) . In general, newly acquired endogenous retroviral sequences are more likely to be associated with an infectious virus, whereas ancient sequences may be transcriptionally active but defective for virus production (86) or produce noninfectious particles (38) . In rodents, endogenous retroviruses can become activated in animals, as a consequence of age (4) , or in cell lines, either spontaneously by long-term culture passage (2, 49, 63) or by treatment with a variety of inducers, including biological, immunological, and chemical agents (1, 13, 16, 25, 39, 47, 50) . In humans or nonhuman primates (NHPs), spontaneous release of endogenous retroviruses has been reported from tumor tissues and cell lines, as well as from normal placenta (9, 12, 14, 15, 19, 20, 27, 28, 34, 43, 44, 51, 52, 58, 62, 64-66, 69, 72, 73) . Endogenous retroviruses have also been isolated from NHP cells by extended cultivation (6 to 8 months) of normal primary cell cultures and cell lines (67, 75, 76, 79) . The number of endogenous primate retroviruses isolated thus far is limited, and the virus isolates or the tissues from which they were recovered are not readily available for characterization by current state-of-the-art methods or for the development of reagents for further investigations.
Endogenous retroviruses have been reported from a variety of NHP species, including Old World primates and New World primates, but there has been no evidence of endogenous retroviral particles produced from African green monkey (AGM) tissues or from cell lines derived from this species. The Vero cell line, derived from the kidney of a normal, adult AGM (Chlorocebus species, formerly called Cercopithecus aethiops) (87) , is used broadly in research and virus diagnostics as well as in vaccine development due to its broad susceptibility to infection by different viruses. This cell line has been shown to be nontumorigenic at low passage levels (7, 18, 22, 32, 48, 54, 74, 84) and negative for viruses by extensive testing using a variety of assays, including PCR assays and standard chemical induction (29, 74) . We have recently developed a stepwise strategy for using chemical inducers to optimize induction conditions for investigating the presence of latent viruses (37) . We have used this strategy to evaluate activation of endogenous retroviral sequences in Vero cells, which, although known to contain numerous copies of endogenous retroviral sequences due to their AGM species of origin (5, 8, 10, 26, 31, 36, 42, 57, 68, 81) , were not expected to contain an inducible virus, based upon the extensive testing history and broad use of the cell line (29, 74) . Here, we report that treatment of Vero cells with 5-azacytidine (AzaC) and with 5Ј-iodo-2Ј-deoxyuridine (IUdR) induced endogenous retroviral particles related to ancient sim-ian endogenous type D betaretrovirus (SERV) sequences that are present in all Old World monkeys (83) and distinct from pathogenic, type D simian retroviruses (SRVs) (46) . Additionally, particles containing baboon endogenous virus (BaEV)-related type C gammaretrovirus sequences were also induced from AzaC-treated Vero cells. Infectivity analysis of drugtreated Vero cells indicated the absence of a replicating virus using various target cells known to be susceptible to SRVs and BaEV. The results demonstrate the use of optimized chemical induction conditions for investigating infectious, endogenous retrovirus loci in the genomes of primates and other species.
MATERIALS AND METHODS
Cell lines and chemicals. Cell lines were obtained from American Type Culture Collection (ATCC; Manassas, VA; http://www.atcc.org/). The Vero cell line (AGM kidney cells; ATCC catalog no. CCL-81, lot no. 3645301; passage 120) was grown in Eagle minimum essential medium (EMEM) (modified), with Earle's salts and without L-glutamine (Mediatech, Manassas, VA; catalog no. 15-010-CV), supplemented with 5% fetal bovine serum (FBS), per ATCC instructions (heat inactivated at 56°C for 30 min; HyClone, Logan, UT; catalog no. SH30071.03), 2 mM L-glutamine, 250 U of penicillin per ml, 250 g of streptomycin per ml, 1ϫ nonessential amino acids (MEM-NEAA 100ϫ; Quality Biological Inc., Gaithersburg, MD, catalog no. 116-078-061), and 1 mM sodium pyruvate (Quality Biological, Inc.), designated complete medium. To maximize reproducibility of results in the induction assays, a cell bank was established at passage 123. A new vial was used in each experiment to maintain similar passage numbers in the induction studies.
For virus-induction studies, Vero cells were treated with different concentrations of IUdR (stock solution, 75 mg per ml in 1 N NH 4 OH; Sigma, St. Louis, MO; catalog no. 17125), AzaC (1 mg/ml in complete Vero cell medium; Sigma catalog no. A1287), and sodium butyrate (NaBut; 0.9 M in sterile H 2 O; Sigma catalog no. B5887).
Target cell lines used in infectivity studies were A-204 (human rhabdomyosarcoma; ATCC catalog no. HTB-82), Raji (human B cell lymphoma; ATCC catalog no. CCL-86), and Cf2Th (dog thymus; ATCC catalog no. CRL-1430). Cf2Th cells were grown in Dulbecco's modified Eagle medium (DMEM; Invitrogen, Carlsbad, CA; catalog no. 119955) supplemented with 20% FBS; A-204 and Raji cells were grown in RPMI 1640 (Quality Biological catalog no. 112-024-101) supplemented with 10% FBS and 1ϫ MEM-NEAA. Additionally, both media contained 2 mM L-glutamine, 250 U of penicillin per ml, and 250 g of streptomycin per ml.
Growth curve and population doubling time (PDT). Cells were counted using an automated Guava PCA flow cytometer according to the manufacturer's protocol (Guava ViaCount assay; Hayward, CA). Cells were diluted, and the numbers of viable cells, dead cells, and apoptotic cells were counted in triplicate. The average count of the viable cell numbers was used in the experiments. For cell cycle analysis, 0.5 ϫ 10 6 cells were processed and stained according to the manufacturer's protocol (Guava cell cycle assay).
To determine the optimum number of cells for obtaining a sigmoidal growth curve, Vero cells (0.5 ϫ 10 6 , 0.75 ϫ 10 6 , and 1.0 ϫ 10 6 ) were planted in 5 ml complete medium in 25-cm 2 flasks, and viable cells were counted at various times using a Guava PCA cytometer. Cell cycle analysis was done to determine the cell phases. PDT was calculated as 1/k ϭ T (where T ϭ PDT) from the linear curve in the log phase from the formula N ϭ N 0 2 kt (where N ϭ total viable cell number at end time t; N 0 ϭ total viable cell number at initial time t 0 , t ϭ hours from N 0 to N, and k ϭ regression constant) (60) . Results were confirmed in three independent assays.
Drug dose evaluation. Vero cells (1 ϫ 10 6 ; passages 125 to 131) were planted for 16 h in 25-cm 2 flasks before replacing medium with fresh medium containing different concentrations of AzaC (0.3125 to 40 g/ml), IUdR (50 to 3,200 g/ml), or NaBut (1 to 6 mM). After 48 h of drug treatment, cells were washed with medium three times (designated day 0), trypsinized, and counted by using a Guava PCA cytometer. Another set of flasks were further incubated after the medium change, and the cells were trypsinized and counted at day 3. Untreated cells, at confluence, were used as a control to evaluate cell toxicity and cell recovery based upon the cell-confluence ratio at day 0 and at day 3, which was calculated by dividing the number of viable cells in the drug-treated flask by the number of viable cells at confluence in the untreated control flask (2.3 ϫ 10 6 cells) and expressed as a percentage. Furthermore, in the case of IUdR-treated cells, additional controls were included to evaluate toxicity due to NH 4 OH used for dissolving the drug. In case the number of cells in the NH 4 OH-treated flask was less than that of the untreated control flask, the number of viable cells in the IUdR-treated flask was divided by the number of viable cells in the NH 4 OHtreated flask before determining the cell-confluence ratio.
Chemical treatment and evaluation for induced retroviruses by the STF-PERT assay. Vero cells were drug treated under optimized induction conditions: cells (1 ϫ 10 6 ) were planted for 16 h and then treated with drug for 48 h (AzaC, 1.25 g/ml; IUdR, 200 g/ml; and NaBut, 3 mM); untreated cells were included as a control. For kinetics of virus induction, medium was replaced daily and filtered supernatant collected for detection of reverse transcriptase (RT) activity by the single-tube fluorescent PCR-enhanced reverse transcriptase (STF-PERT) assay (53) . Supernatants were collected and filtered (Costar Spin-X centrifuge tube filters, 0.45-m-pore-size CA membrane; Corning, Corning, NY, catalog no. 8162) on the day of drug removal (day 0), prior to washing the cells, and then daily, at each medium change. Filtered supernatants were stored at Ϫ80°C in single-use, 10-l aliquots for STF-PERT analysis and in 0.5-ml aliquots for additional use. Each sample was tested at a 1:10 dilution (per the assay protocol), and results were obtained from triplicate samples. The PERT assays for testing supernatant from drug-treated cells met the acceptability criteria (53) 4 OH in the case of IUdR cell toxicity studies) and were set up in parallel.
RT-PCR. Total cellular RNAs were extracted by using the RNeasy Plus minikit (Qiagen, Valencia, CA; catalog no. 74134) in combination with the RNase-free DNase set (Qiagen; catalog no. 79254) according to the manufacturer's instructions. Concentration and purity were determined by using UV absorbance.
A low-concentrated (10ϫ) supernatant sample was prepared from normal and drug-treated cells by ultracentrifugation of filtered supernatant (1.5 ml) at 45,000 rpm (Beckman TLA 45 rotor) for 90 min at 4°C. RNA was prepared from the pellet by resuspending it in 130 l of Promega DNase buffer and adding 10 l DNase (1 U per l; RNase-free DNase; Promega, Madison, WI, catalog no. M6101) for incubation at 37°C for 30 min. RNA was extracted from the entire sample by using the QIAamp viral RNA minikit (Qiagen catalog no. 52904).
A high-concentrated (1,000ϫ) supernatant sample was prepared from normal and from AzaC-treated Vero cells (1.25 g/ml for 48 h) on day 4 after drug treatment (medium was changed on day 1) by ultracentrifugation of pooled (180 ml), filtered supernatant (tube top vacuum filters, 0.45-m-pore-size CA membrane, Corning catalog no 430314) on a 20% sucrose cushion (25,000 rpm in a Beckman SW-28 rotor for 4 h at 4°C). Pellets were pooled, resuspended in 4 ml phosphate-buffered saline (PBS) (pH 7.4), and ultracentrifuged immediately at 35,000 rpm (Beckman SW-41 rotor) for 90 min at 4°C. The pellet was resuspended in 180 l in PBS (pH 7.4) and stored in aliquots at Ϫ80°C to minimize freeze-thaw of test samples. RNA was extracted from 50 l using the QIAamp viral RNA minikit after DNase I digestion (1 U per l), as described above.
One-half of the RNA sample was used for cDNA synthesis using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA; catalog no. 170-8890) according to the manufacturer's instructions. The other half of the RNA was used for control without RT. Additionally, PCR amplification using human ␤-actin primers was performed to demonstrate absence of cellular DNA according to the manufacturer's protocol (Clontech, Mountain View, CA; catalog no. 639008).
Consensus PCR primers (SRV/SERV) were designed based upon GenBank sequences of SRV-1 type D retrovirus (M11841), SRV-2 complete genome (AF126467), simian Mason-Pfizer D-type retrovirus or SRV-3 (M12349), and simian type D virus 1, complete proviral genome (U85505; designated SERVbab in this paper). The location of the SRV/SERV primers is given in Table 1 : a long terminal repeat (LTR) gag fragment (553 bp) was amplified using forward primer F04, 5Ј-CTGTCTTGTCTCCATTTCT-3Ј, and reverse primer R10, 5Ј-ACSGC AGCCATKACTTGYGG-3Ј; a pol fragment (610 bp) was amplified using forward primer F41, 5Ј-TACAAGAYCCMTAYACCTA-3Ј, and reverse primer R46, 5Ј-TTDGGTGGRTAATGGTTRTC-3Ј; and an env fragment (548 bp) was amplified using forward primer F65, 5Ј-CAYATNTCYGATGGAGGAGG-3Ј, and reverse primer R70, 5Ј-CCYGTCCARTTTGTRGGTA-3Ј. PCR conditions were 95°C for 3 min, followed by 35 amplification cycles of 95°C for 30 s, 56°C for 1 min, and 72°C for 1 min, with a final extension at 72°C for 10 min.
Primers for amplification of BaEV sequences and PCR cycle conditions were as described previously (82): RT1 and RT2 in the pol region, and ENV1/ENV4 with nested primers ENV2/ENV3 in the env region. Additional primers were made for PCR amplification in the gag region: outer primer pairs were GAG1 (5Ј-GAGTGGCCCACCCTTCATGT-3Ј) and GAG2 (5Ј-CAGTACTGGATCG TGCGGTT-3Ј), at nucleotide positions 1108 to 1127 and 1697 to 1678, respectively, and inner primer pairs were GAG3 (5Ј-CCCCGGGACGGAACTTTTG A-3Ј) and GAG4 (5Ј-GATGAGGTAGAGGGTCTTGGAAG-3Ј) at nucleotide 6580 MA ET AL. J. VIROL.
positions 1135 to 1154 and 1420 to 1398, respectively. The nucleotide positions are based upon the sequence of the BaEV by Kato et al. (35) . PCRs were done in 25 l using 2 l cDNA template, 10ϫ PCR buffer containing 15 mM MgCl 2 , and 1.5 U Taq DNA polymerase (Roche Molecular Biochemicals, Indianapolis, IN; catalog no. 11647687001). The final concentration of deoxynucleotide triphosphates were 200 M each, and primers were 1 M each.
Nucleotide sequence analysis. PCR-amplified DNA fragments were isolated from agarose gels by using the Zymoclean gel DNA recovery kit (Zymo Research Corporation, Orange, CA; catalog no. D4001) and cloned into the pGEM-T Easy vector (Promega catalog no. A1360). Nucleotide sequences were determined with T7 and SP6 primers by using an ABI 3130xl genetic analyzer according to the manufacturer's standard protocol (Applied Biosystems, Foster City, CA). Sequence analysis and alignment of the sequences were done using nucleotide BLAST (National Center for Biotechnology Information, National Library of Medicine, NIH, Bethesda, MD).
TEM. Supernatant (160 ml) was collected from Vero cells without drug treatment and from Vero cells on day 4 after drug treatment for 48 h with IUdR (200 g/ml) and AzaC (1.25 g/ml) for 48 h. Ultracentrifuged pellets were obtained through a 20% sucrose cushion by using the procedure described above for preparation of the 1,000ϫ supernatant sample. The pellets were fixed overnight in McDowell and Trumps fixative and sent to Charles River Pathology Associates (Durham, NC) for evaluation of viruslike particles. The volume of the pellet was measured by comparison to known standards and processed for transmission electron microscopy (TEM) analysis. Thin sections were cut, stained with methanolic uranyl acetate and Reynolds lead citrate, and examined by TEM. Ten grid spaces were examined and evaluated for numbers of particles with retrovirus-like morphology. The number of viruslike particles in the entire pellet was calculated by multiplying the number of particles tabulated in the examined section by the number of potential sections in the pellet (calculated by dividing the volume of the entire pellet by the volume of the section examined). The limit of sensitivity of the assay was calculated as the smallest detectable amount of virus in the samples or one particle in the section examined by TEM. Thus, to obtain the limit of sensitivity, the number of potential sections in the pellet is multiplied by 1.
Cell pellets (2 ϫ 10 6 to 4 ϫ 10 6 ) for TEM analysis were prepared by trypsinizing cells from normal or AzaC-treated Vero cells, as previously described (41) .
Infectivity analysis. Combined infectivity and coculture studies were set up with cells and supernatant from drug-treated cells that were prepared by planting Vero cells (1 ϫ 10 6 ; passage 131) in 25-cm 2 flasks for 16 h and then treating the cells with drug for 48 h (1.25 g/ml AzaC or 200 g/ml IUdR). Cells were washed three times with plain medium to remove the drug, and fresh complete medium was added (day 0). Medium was replaced the next day (day 1); on day 4, unfiltered supernatant and cells from eight 25-cm 2 flasks were pooled and used for infection/coculture with target cells at predetermined cell ratios for equivalent growth of test and target cells. Target control cells were set up without coculture, and control cocultures were set up with target cells and uninduced Vero cells.
In the case of the A-204 and Cf2Th adherent target cells, 2.7 ϫ 10 6 and 1.5 ϫ 10 6 cells, respectively, were set up in 10 ml medium for preincubation with 5 ml unfiltered supernatant from AzaC-treated and from IUdR-treated Vero cells ), which had been preincubated for 45 min in 75-cm 2 flasks. The target cells were demonstrated to be susceptible to SRV (A-204 and Raji) and to squirrel monkey retrovirus (SMRV) (Cf2Th). Medium was replaced with 13 ml of target cell medium following overnight incubation. In the case of Raji cells, the supernatant was collected and spun at 1,200 rpm (GS-6KR centrifuge with a GH-3.8 rotor; Beckman Instruments, Columbia, MD) for 10 min at 4°C, and the Raji cells were resuspended in 10 ml medium and then added back to the flask containing Vero cells in 10 ml fresh medium. Upon reaching 95% confluence, all of the cells were passaged the next day (day 2) into 162-cm 2 flasks. Cultures were propagated in 162-cm 2 flasks with passage every 2 to 3 days until termination on day 32. Extended cell culture was done on AzaC-induced Vero cells (passage 135; 1.0 ϫ 10 6 cells in 25-cm 2 flasks; 1.25 g/ml in 5 ml). For extended culture, cells were washed 48 h after drug treatment (day 0, the day of drug removal) and then cultured in fresh complete medium. Upon reaching confluence, cells were passaged into 75-cm 2 and then into 162-cm 2 flasks at the same time as the cocultures and continued in 162-cm 2 flasks until termination on day 34. Uninduced Vero cells were included as a control.
The cultures were regularly monitored for cytopathic effect (CPE). Filtered supernatants were collected starting at the first passage at day 4 after coculture or after drug treatment, until termination, and stored at Ϫ80°C for the STF-PERT assay.
RESULTS
Determination of cell growth characteristics. Growth curves for Vero cells were determined using different cell concentrations (0.5 ϫ 10 6 and 1.0 ϫ 10 6 cells) (Fig. 1) . Similar kinetics were seen in both cases (as well as with 0.75 ϫ 10 6 cells [data not shown]) with the log phase starting at 16 h after seeding the cells. PDT was determined from 20 h to 40 h in the log phase of the growth curve and calculated as described in Materials and Methods to be 16.9 h and 17.5 h for starting cell concentrations of 0.5 ϫ 10 6 and 1.0 ϫ 10 6 cells, respectively. This indicated that any of the tested cell concentrations could be used to obtain a sigmoidal growth curve for determining the beginning and end of the log phase for induction studies. sponded to the beginning of the log phase in the growth curve (data not shown).
Optimization of induction conditions. The drug dose range was determined by evaluating cell toxicity and cell recovery based upon the highest drug concentrations that resulted in good culture recovery at 3 to 4 days after drug removal, since the cells without drug treatment reached confluence in 2 to 3 days (37). Cells were planted for 16 h before adding drug, since this corresponded to the beginning of the log phase and a high percentage of cells in S phase. Cells were treated for 48 h (equivalent to 2.7 PDTs [37] ) with different drug concentrations (IUdR, 50 to 3,200 g/ml; AzaC, 0.3125 to 40 g/ml; and NaBut, 1 to 6 mM). Cell viability was determined on day 0 and on day 3, and the cell-confluence ratio was calculated. Comparison of the results at day 0 and day 3 indicated the drug concentrations (dose range) at which the cells could recover from toxicity (Fig. 2) .
To determine the relationship between RT activity and drug dose, filtered supernatants were collected at day 3 from drugtreated cells and analyzed in the STF-PERT assay: increased RT activity corresponded to samples with Ͼ50% cell recovery from drug toxicity (Fig. 2) . Differences in cell toxicity were seen with different drugs: cells were fairly resistant to IUdR and relatively sensitive to AzaC and NaBut. This was in contrast to the results obtained in previous induction studies with K-BALB mouse cells, where cells were sensitive to IUdR and more resistant to AzaC. In those studies, 30 g/ml IUdR and 2 g/ml AzaC (39, 40) or 5 g/ml AzaC (37; Y. Ma and A. S.
FIG. 2. Drug dose evaluation and PERT activity. Drug dose range for IUdR (A), AzaC (B)
, and NaBut (C) was determined by evaluating the Vero cell viability after drug treatment with various concentrations for 48 h. Cell toxicity was determined at day 0 (day of drug removal) (open bars), and cell recovery was determined on day 3 (closed bars) and expressed as the percent cell confluence ratio (percentage of the ratio of the total number of viable cells in the drug-treated flask and the total number of viable cells in a confluent untreated 25-cm 2 flask). Cells (1 ϫ 10 6 ) were planted for 16 h before the drug was added: IUdR, 100 to 800 g/ml (shown) (50 to 3,000 g/ml tested); AzaC, 0 to 40 g/ml; and NaBut, 0 to 5 mM (6 mM, not shown). High cell toxicity with the 800-g/ml dose of IUdR was due to 0.01 N NH 4 OH present in the drug. Filtered supernatant from day 3 was analyzed by STF-PERT assay, and results are indicated (E). No RT activity was detected in untreated cells.
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Khan, unpublished data) were used with 24 h of drug treatment for virus induction.
To evaluate the kinetics of RT production with drug treatment, cell-free supernatant was collected daily and tested by STF-PERT assay. Medium for testing was collected from Vero cells treated with different drug concentrations for 48 h, from day 0 (the day the drug was removed) up to day 5, with daily medium change. The results of the highest RT activities obtained with each drug are shown in Fig. 3 . A low-level PERT activity was induced with 1.25 g/ml AzaC, which peaked at day 3, whereas the peak PERT activity induced with 200 g/ml IUdR was seen at day 4 (Fig. 3) . It was noted that a comparable peak of RT activity was seen with 100 g/ml IUdR at day 3 (Fig. 2) . The RT activity with IUdR was lower than that with AzaC at all tested drug concentrations (data not shown). No reproducible PERT activity (Ͼ10 pU per l) was seen in the case of NaBut at any drug concentration (1 to 6 mM) at 24-h or 48-h drug exposure times (Fig. 2C and 3 and data not  shown) . Additionally, in a separate experiment, if cells were treated with different drug concentrations for only 24 h (equivalent to about 1.5 PDT), the PERT activity was lower and seen only at higher drug concentrations than that of cells with 48 h of drug treatment (data not shown).
Evaluation of retroviral sequences in the RT activity produced from drug-treated Vero cells. To determine whether the drug-induced PERT activity was associated with endogenous retrovirus particles, cell-free supernatants containing peak RT activity from drug-treated cells (Fig. 3) were ultracentrifuged, and the pelleted material (10ϫ or 1,000ϫ) was analyzed by RT-PCR assays. Consensus SERV/SRV primers amplified fragments from the LTR gag, pol, and env regions in 10ϫ pelleted material of supernatant from AzaC-and IUdRtreated Vero cells (Fig. 4A, lanes 2 and 3, respectively) , whereas no fragments were amplified from untreated cells or from NaBut-treated cells (lanes 1 and 4, respectively) . The results of the first round of PCR amplification are shown in Fig. 4A , which indicated greater virus induction with AzaC than with IUdR and directly correlated with the PERT results (Fig. 3) . Fragments of expected size were PCR amplified from cellular RNAs of untreated and drug-treated cells; increased band intensities were seen in the gag and env regions with all three drugs compared with band intensities of untreated cells. The SERV-related sequences amplified from Vero cells were designated SERVagm-Vero.
FIG. 3. Evaluation of virus induction from drug-treated Vero cells.
Vero cells were treated under optimized cell culture conditions and drug concentrations and evaluated for latent virus induction. Cells (1.0 ϫ 10 6 ) were planted in 25-cm 2 flasks for 16 h, at which time drug was added (IUdR, 200 g/ml; AzaC, 1.25 g/ml; and NaBut, 3 mM). Forty-eight hours later, filtered supernatant was collected (day 0) before removing the drug, and cells were washed and refed with fresh medium. Supernatants were collected daily with medium change and filtered for STF-PERT assay. Control cell cultures were grown in medium without drug.
FIG. 4.
RT-PCR analysis of drug-treated Vero cells. RNAs were prepared from cells and from filtered supernatant of AzaC-treated cells for RT-PCR using SERV/SRV consensus primers (A), BaEV primers (B), and ␤-actin primers (C). RNAs from untreated cells were collected on day 2 after planting the cells (lanes 1) and from drug-treated cells on day 4 (medium was changed on day 1 after drug removal) using 1.25 g/ml AzaC, 200 g/ml IUdR, and 3 mM NaBut (lanes 2 to 4, respectively). (A) Results using SERV/SRV primers from the LTR gag, pol, and env regions are shown after the first round of PCR with cellular RNAs and with 10ϫ filtered supernatant RNAs. (B) Results using BaEV primers from the gag, pol, and env regions are shown after the first round of PCR with cellular RNAs; in the case of 1,000ϫ filtered supernatant RNAs, results are shown from the first round of PCR using pol primers and from the second round of PCR using gag and env primers. Virus identity was determined by nucleotide sequence analysis. The absence of contaminating cellular DNA in the cellular RNA preparation was demonstrated by RT-PCR with ␤-actin primers without adding RT. No fragment was amplified with ␤-actin primers from 10ϫ supernatant RNAs (C) or from 1,000ϫ supernatant preparation (not shown).
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BaEV primers amplified fragments from the gag and env regions by nested RT-PCR of 1,000ϫ pelleted supernatant from AzaC-treated Vero cells (Fig. 4B , supernatant column, lane 2). A pol fragment was seen after the first round of PCR amplification in the pelleted supernatant from AzaC-treated Vero cells, as well as weakly in the pellet prepared from supernatant of untreated cells (Fig. 4B, supernatant column,  lanes 2 and 1, respectively) . PCR-amplified fragments were seen at about the same intensities in cellular RNAs of untreated and drug-treated cells after the first round of PCR amplification with gag and pol primers and strongly in AzaCtreated cells with env primers (Fig. 4B, cellular column, lane 2) . The size of the gag and pol PCR-amplified fragments corresponded to the expected size based upon the primers used, whereas the env fragment had 4 nucleotides missing (discussed below). The BaEV-related sequences amplified from Vero cells were designated BaEVagm-Vero.
No fragments were amplified using ␤-actin primers from 10ϫ supernatant, indicating the absence of contamination with cellular sequences (Fig. 4C) , or from 1,000ϫ supernatant (data not shown). To demonstrate the absence of contaminating DNA in the cellular RNA preparations, PCR amplification was done with ␤-actin primers in the absence of RT: no fragments were seen, whereas fragments of expected size were seen in the presence of RT.
Nucleotide sequence analysis of SERVagm-Vero DNAs cloned from supernatant pellets of AzaC-treated Vero cells indicated a high degree of homology (94 to 96%) in the gag, pol, and env regions to SERVbab sequences compared to those of SRV-1, SRV-2, and SRV-3/MPMV sequences (60 to 81%) ( Table 1) . Interestingly, nucleotide sequence comparison of SERVagm-Vero and a simian retrovirus 1 isolate SRV_Vero, a recently described endogenous simian retrovirus sequence assembled from DNA fragments originating from Vero cells, indicated less homology (90 to 92%; GenBank accession number HM43845) (85) than that seen with SERVbab. Nucleotide sequence analysis of BaEVagm-Vero DNAs cloned from pelleted supernatant of AzaC-treated cells indicated a high degree of identity to BaEV (95 to 97%) in the pol region, whereas the env sequences were highly related (92 to 94%) to those present in SERVbab (83) ( Table 2 ). There was 83 to 86% sequence homology in the gag region with BaEV, and 83 to 90% homology was seen in the gag and pol regions with BaEV recombinant virus, PcEV. Additionally, there was 69 to 87% nucleotide sequence homology in the gag, pol, and env regions to RD114, an endogenous retrovirus in cats that contains BaEV env (80) . Further analysis of env was done by determining nucleotide sequences of 5 BaEVagm-Vero cloned DNAs. The results indicated 4 identical clones (represented by clone 519); clone 524 had 4 different nucleotides. Alignment of BaE- Vagm-Vero env sequences with the analogous region in SERV and BaEV is shown in Fig. 5 . The results indicated that the BaEVagm-Vero env sequences were more closely related to those of SERV than to those of BaEV, except in the regions of the PCR primers; however, they were distinct from SERV env sequences due to the absence of four nucleotides, as well as from that of previously described clones 23.1 and 25.5 that were obtained from baboon DNA by using the same BaEV env primers (82) . It should be noted that the four-nucleotide deletion in BaEVagm-Vero sequences would result in the absence of env expression, and therefore particles encoded from these sequences should be noninfectious. Similar analysis of cloned DNAs from the gag, pol, and env regions indicated genetic heterogeneity in the particles produced from SERVagm and BaEVagm sequences in Vero DNA.
To further demonstrate that the PERT activity produced from drug-treated Vero cells was particle associated, pellets from concentrated, cell-free supernatants of normal and drugtreated cells were analyzed by TEM for viruses and other microbial agents (Fig. 6) . Only retrovirus-like particles were reported, albeit few. There were 1.7 ϫ 10 6 viruslike particles calculated in the AzaC-induced virus pellet prepared from 160 ml supernatant, which is near the limit of detection by TEM. No viruslike particle could be seen in the pellet prepared from the control sample and the IUdR-induced supernatant, which was expected since this had a much lower RT activity than the AzaC sample. Additionally, no particles were seen in cell pellets.
Infectivity analysis. To evaluate whether the RT-containing particles induced from Vero cells were replication competent, AzaC-and IUdR-induced supernatant and cells were used to infect/coculture with cell lines known to be susceptible to replication of different type D simian retroviruses, such as Raji and A-204 for SRV and Cf2Th for SMRV. Additionally, A-204 and Cf2Th are susceptible to replication of BaEV (45) , which contains an SERV env via recombination with SERVbab (83) and Raji to other SERV recombinant viruses (24, 59) . To enhance the detection of infectious virus, supernatant and cells were used directly upon collection, without freeze and thaw. Additionally, drug-treated Vero cells were cultured for an extended time to allow for amplification of any potential virus with an ecotropic host range. The results using the highly sensitive STF-PERT assay, which can detect 1 to 10 retrovirus particles (53) , demonstrated detection of only RT activity in the starting material, which was gradually reduced to background or undetectable levels, but without amplification, even upon long-term culture. These results indicated the absence of an infectious virus that could replicate in Vero cells or that was similar in its host range properties to various known infectious type D simian retroviruses (Fig. 7) .
DISCUSSION
About 8 to 10% of the genome of NHPs contains endogenous retrovirus-related sequences (23) . Although the majority of these sequences are defective, full-length virus genomes may exist that potentially can encode infectious viruses (71) . Endogenous retroviruses have been isolated from Old World monkeys, such as the baboon, langur, colobus monkey, and macaques, and from New World monkeys, such as the woolly monkey, squirrel monkey, and owl monkey, as well as from the gibbon ape and a prosimian tree shrew (9, 21, 33, 62, 67, (76) (77) (78) (79) . However, there has been no report of endogenous retrovirus particles of AGM origin, even though endogenous retroviral sequences related to type C gammaretrovirus murine leukemia virus (MLV) and type D betaretrovirus SRV are present in the genome of African green monkeys and in cell lines derived from this species (56, 83, 85) , and MLV-related viral DNAs cloned from AGM tissue were shown to contain functional long terminal repeats (LTRs) (36) . Furthermore, African green monkey cell lines, such as Vero and CV-1 (30) , have been widely used in research and diagnostics without any report of spontaneous release of virus particles. Additionally, Vero cells have been extensively tested for the presence of viruses, including virus-induction assays for the detection of endogenous retroviruses, and were found to be negative (29, 74) .
We recently developed a stepwise approach to evaluate the presence of inducible virus sequences by chemical induction that outlines a strategy for determining optimum induction conditions based upon evaluation of cell growth properties, drug treatment conditions, and use of sensitive assays for known and novel virus detection (37) . The study indicated that maximum virus induction was obtained when the drug was added to the cells in the early log phase, when there was a high percentage of cells in the S phase, and when the cells were treated for greater than one PDT before nearing the end of the log phase. Additionally, the optimum drug dose was found to be the highest dose that still had good cell recovery. We used this strategy to investigate whether endogenous retroviral sequences present in AGMs were inducible for virus particles using the well-characterized Vero cell line. Inducers known to activate endogenous retroviruses, such as IUdR, AzaC, and NaBut (16), were used in combination with sensitive broaddetection assays for retroviruses, such as STF-PERT assay (53) . In contrast to previous studies (74) and to our initial experiments using induction conditions that had been optimized for K-BALB mouse cells (data not shown), a low level of PERT activity was detected in cell-free supernatants of IUdRand AzaC-treated Vero cells by following the stepwise virus induction strategy (37) . Further characterization of the induced RT activity showed that it could be pelleted by ultracentrifugation and was therefore likely to be particle associated. RT For example, SERV gag and env RNAs were induced in cells treated with AzaC, IUdR, and NaBut, whereas particle-associated RNAs were induced in the supernatant with only AzaC and IUdR. In the case of BaEV-related RNAs, induction of gag and pol RNAs was not noticed in the cell but only upon analysis of the supernatant. This discordancy in the results emphasizes the need to evaluate cell-free, particle-associated RNAs for investigating the potential of endogenous retrovirus sequences to encode virions. Analysis of the induced virus particles from Vero cells in infection/coculture studies using cell lines susceptible to SRV, BaEV, and recombinant SERVs (24, 59) followed by detection with the highly sensitive STF-PERT assay demonstrated ab- sence of replication-competent virus. Additionally, long-term culture of the drug-treated Vero cells alone did not result in increased PERT activity. Chemical induction studies indicated the presence of endogenous retrovirus sequences in Vero cells that have the potential to encode noninfectious viruslike particles containing RNAs. Although copackaging of defective retroviral RNAs could result in recombination to generate an infectious virus genome, based upon our data and the extensive testing of Vero cells used for biologicals, there has been no evidence of emergence of an infectious retrovirus. Studies are ongoing to physically and genetically characterize the retroviral particles induced from Vero cells for further evaluation of the potential to generate novel recombinants.
SERV-and BaEV-related sequences have previously been reported in the genomes of baboons and other NHP species, including AGMs (83, 85) . It should be noted that the SERV sequences in baboon have been misnamed as SRV-1 sequences in the database (GenBank accession number U85505) (83); furthermore, the recently reported assembled, endogenous retrovirus sequences originating from Vero cells, which are related to SERV in baboons, have also been designated simian retrovirus 1 isolate SRV_Vero (GenBank accession number HM143845) (85) . It is important to recognize that SERVs are distinct from SRVs, which are exogenously transmitted and pathogenic in macaques. Interestingly, the SERVagm-Vero sequence associated with induced virus particles had greater nucleotide sequence homology to SERVbab than to SRV_ Vero, indicating that it originated from an ERV family in the AGM Vero genome that is distinct from SRV_Vero. The presence of multiple related but distinct families in the AGM genome has been previously described (56) . Furthermore, analysis of SERVagm and BaEVagm cloned DNAs in this study demonstrated sequence heterogeneity in the particles induced from Vero cells.
This study demonstrates the presence of inducible retroviral sequences in the AGM genome by use of an algorithm for determining chemical induction conditions optimized for Vero cells. Moreover, this stepwise strategy may be used with emerging broad virus detection technologies to identify novel endogenous retroviruses that can be produced from other primate cells as well as from the cells of other species. This approach may also enhance the sensitivities of the currently available virus detection methods for evaluating new cell substrates used for production of biological products by providing a virus amplification step prior to detection.
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